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Abstract This paper explores the relevance of the action research for design of techno-
logical solutions that lead to both systemic sustainable development and active involve-
ment of the community. The paper shows how this idea was implemented n a project for
water resource conservation with educational nstitutions of rural areas in Colombia.
Through the use of technology, a reduction in water consumption increases in awareness
about the use of this natural resource, and the active involvement of the community were
sought. Additionally, social processes related to the conservation of natural resources were
addressed through a socio-technical approach for analysis and design. During the appli-
cation of the Soft Systems Methodology (SSM), the participants and researchers created
technological prototypes that allowed to: 1) give visibility to the community’s initiatives,
and 2) save water in the households. This paper focuses on the importance of the design
process of innovative solutions for social and environmental issues through the participa-
tive approach of action research.

Keywords Dnnking water conservation - Participatory action research - Technology design -
Participation
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The muluplication of dislocations determines the trajectonies of microstructure evolution dunng
plastic deformation. It has been recognized that the dislocation storage and the deformation-driven
subgran formation are correlated—the principle of similitude, where the dislocation density (py)
scales self-similarly with the subgrain size (6): 6,/p; ~ constant. Here, the robustness of this
concept in Cu is probed utilizing large strain machining across a swathe of severe shear
deformation conditions—strains in the range 1-10 and strain-rates 10-10"/s. Deformation strain,
strain-rate, and temperamre charactenzations are juxtaposed with electron microscopy, and
dislocation densities are measured by quantificaton of broadening of X-ray diffraction peaks of
crystallographic planes. We parametenze the variation of dislocation density as a functon of
strain and a rate parameter R, a function of strmin-rate, temperature, and material constants.

We confinm the preservation of similitude between dislocation density and the subgrain structure
across orders-of-magnitude of thermomechanical conditions.

I. INTRODUCTION

Microstructure evolution trajectories of metallic crys-
talline materials undergoing plastic deformation are
govemed by generation, movement, and storage of
dislocations.' The microstrucmure fields resulting from
the aforementioned interplay of dislocations are critical
determinants of the mechanical and functional response
of the mesulting pmducu:z"" This response 15 mediated
through defect characterisucs such as grain and subgrain
boundaries that are in mwm composed of dislocation
distributions. Therefore, high fidelity process-oriented
microstructure tailoring frameworks must encapsulate
the holistic evolution of how dislocations and their
assemblies evolve as a function of the thermomechanical
deformation parameters.

How dislocation densities are accumulated dunng
plastic deformation are relatvely well understood at
low strain-rates (< 10°/s) and modest strain range (<1).
Standard practices have been developed for probing their
constitutive behavior in these subsections of dynamic

*Address all correspondence to this author,
e-mail: ag sepideh 10@uniandes.edu.co
DOL: 10,1557/ ymr.2018.264

J. Mater. Res., Vol. 0, No. 0, 2018

deformation conditions. These include Hopkinson plastic
deformation technique for high range of strain-rate
(>10"/s) and low strains (<1), hot torsion experimenta-
tion or rolling at relatively modest strain-rate (< 10°/s)
and high stmin (>4)."" Unfortunately, the dynamic
microstructure transformations particularly at high strain
(>>1) and high strain-rates (>10°5) are less than well
understood. Prior investigations by the authors of the
present work have examined the evolution of microstruc-
tural parameters including grain size,'” subgrain size,'’
crystallographic texture,'” grain boundary characteristics
such as fraction of low angle grain boundaries,'” and the
progression of dynamic recrystallization.'” The afore-
mentioned efforts include captuning and quantifying the
evolution of microstructure transformation (specifically
grain'’ and subgrain'' sizes) in the high strain and high
strain-rate regime. However, these studies have ignored
the role dislocation densities, which (1) are central to the
microstructural evolution under the severe deformation
conditions and (i1) play a deterministic role in determin-
ing the consututive response of the resulting materials.
An explicit delineation of the evoluton of dislocation
densities resulting from large strain/strain-rate, thermo-
mechanically coupled deformauon remains
a challenge."*"*

© Materials Research Society 2018 1
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Abstract The strategy of integration known as vendor-managed inventory (VMI),
which allows the coordination of inventory policies between producers and buyers
in supply chains, has long been considered a strategy for inventory cost reduction.
Although the literature acknowledges the importance of understanding the dynamics
of VMI implementation through evolutionary games, research in this topic still
remains scarce. This paper studies the dynamics of strategic interaction of a pro-
ducer-buyer supply chain under a newly developed VMI scheme, which makes use
of a synchronization mechanism between the buyer and the producer replenishment
cycles. By using this altemative VMI representation, we obtain the mathematical
conditions that determine the degree of stability of evolutionarily stable strategies.
As other evolutionary game theoretical approaches, we also find a lower bound for
penalty costs that ensures a VMI contract, but most importantly, we also find how a
VMI implementation might depend on the difference between production and
demand rates, regardless of any penalty costs.

Kevwords Dynamucal systems stability - Evolutionary game theory - Supply
chain coordination - Vendor-managed inventory
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m Research Paper

Examining Moral Frameworks in
Negotiation Practice: A Critical Systems
Perspective

Luis Arturo Pinzon-Salcedo* 7, Silvia Elena Ramirez-Tovar and
Maria Alejandra Torres-Cuello
Engineering School, Universidad de los Andes, Bogota, Colombia

INTRODUCTION

Negotiations are part of systemic interventions. Because moral frameworks affect goal set-
ting and decision-making processes in negotiation, they can have an important effect in
systemic interventions. In this paper, we use critical systems thinking to improve our un-
derstanding of the structure of moral frameworks and judgments in negotiation. We ex-
plore several moral frameworks that are applied in negotiation, and we demonstrate
how boundary critique can be employed to understand and deal more reflexively and ho-
listically with moral judgments that are part of negotiations in systemic interventions. By
adopting a critical perspective of our assumptions and rationality in negotiation practice,
we attempt to show how to open negotiations that are part of systemic interventions to
more reflexive and informed possibilities. This can help us to avoid implementing changes
in a systemic intervention that promote moral perspectives, which are not based on a ho-
listic and reflexive exploration of the stakeholders” moral frameworks. © 2018 John Wiley
& Sons, Ltd.

Keywords critical systems thinking; negotiation; moral frameworks; ethics; reflexivity

that attempt to reveal, actively shape and trans-
form the social world rely on negotiations specif-

We face negotiation throughout our professional
lives and while carrying out systemic interven-
tions. Some negotiations are formal, but many

more are informal, less obvious negotiations. Sys-
temic methodologies, methods and techniques

*Cormrespondence toc Luis Arturo Pinzon-Salced o, Engineenng School,
Universidad de los Andes, Cra 1a Este No. 19A-40, Bogota, Colombia.
E-mail: Ipinron@uniandes educo

ically used to achieve definite goals. Negotiation
is frequently a part of systemic problem structur-
ing methods (e.g. soft systems methodology, in-
teractive planning, viable system diagnosis and
critical systems heuristics) as well as of other sys-
temic methodologies (e.g. systems dynamics and
team syntegrity). Problem structuring methods
use models to structure stakeholder engagement
(Midgley et al., 2013): “the model plays a key role

© 2018 John Wiley & Sons, Ltd.
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Developing a Systemic Program
Evaluation Methodology: A Critical
Systems Perspective

Maria Alejandra Torres-Cuello'*, Luis Pinzon-Salcedo' and
Gerald Midgley”

"Universidad de los Andes, Bogota, Colombia
*University of Hull, Centre for Systems Studies, Hull, UK

In recent years, there has been an increased interest within the program evaluation field

' for introducing systems thinking concepts. However, most of these attempts have been
primarily directed towards supporting the practice of evaluation and not towards making
theoretical advancements. This article is focused on introducing systems thinking, and
specifically perspectives and concepts from the work in critical systems thinking (CST),
at a theoretical level in the program evaluation field, towards a reframing of the Fourth
Generation Evaluation methodology. The process for carrying out such reframing is intro-
duced, as well as describing the major changes produced in the evaluation methodology
by incorporating the CST perspective. A new model is proposed, and how this model may

be beneficial for conducting an evaluation is discussed with recommendations made for
future developments. © 2018 John Wiley & Sons, Ltd.

Keywords systems thinking; program evaluation; boundary critique; Fourth Generation
Evaluation (FGE)

INTRODUCTION United Nations Sustainable Development Goals.
This need was not only recognized to be applica-

In the American Evaluation Association Confer-  ble to the Sustainable Development Goals but to
ence held in 2017, Michael Quinn Patton along  the practice of evaluation in other fields as well.
with other panellists addressed the need for By these means, they recognized the need of
leaders and evaluators for developing critical  ‘thinking outside the box’, joining leadership
evaluation thinking in order to achieve the  with evaluation, and the demand for capacity
H building in trading for evaluation building across
;mﬁﬁa“m_ﬁm;“mw Universidad de the globe by posing the following question: How
E-mail: aletormscuello@hotmal.com do you use evaluation to improve the life of

© 2018 John Wiley & Sons, Ltd.
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ARTICLEINFO ABSTRACT

K eywordc
Solsmic risk assesimeni

In the context of infrastructure resilience and risk management, key decisions occur in the aftermath of adverse
events (e.g., immediate response and later repair of damage), but preemptive decisions must be made under
uncertainty about the specific disaster realization to face in the future (e.g., strengthening components, or al-
locating resources for post-event activities). This paper proposes an optimization framework to address problems
in which preemptive decisions are coupled with those eventually required to respond to an uncertzin adverse
event. Specifically, strategic decisions are pursued regarding whether to proactively retrofit or reactively repair
bridges in a transportation network under seismic hazards, with the objective of minimizing the cost of main-
taining a target network performance metric throughout a set of possible adverse scenarios. A two-stage sto-
chastic programming approach is presented, which relates pre- and post-event decisions, accounting for the
uncertainty throughout scenarios. The proposed approach implies a decomposition of the optimization problem
that enables the analyzis of large sets of scenarios, which is advantageous when dealing with complex networks
as the ones addressed in infrastructure engineering practice. The methodological framework is presented along
with an analysis of the San Francisco Bay Area transportation network, as an instance of a realistic, complex
infrastructure network. Results evidence the potential of the approach to provide risk-informed decision support,
while being able to deal with large sets of components and scenarios under an exact optimization approach, and

solving problems with large number of variables and constraints.

1. Introduction

This paper proposes a decision support framework that integrates
probabilistic risk assessment of complex infrastructure networks and
stochastic programming to determine cost-optimal actions for pre- and
posi-disaster stages, while guaranteeing acceptable performance
throughout a set of scenarios describing hazards. Instances of risk
management problems that motivate a framework for coupled decisions
in two stages include: first, how to allocate relief resources before a
disastrous event in order to maximize the efficiency for their distribu-
tion when a disaster occurs, thus, contributing to prompt recovery [1}];
and second, how to determine which network components require
preemptive investments (e.g., enhancing arcs’ fragility, or flow capa-
city), and which ones may be intervened only when disastrous events
occur, without compromising pre-specified performance targets.

The proposed framework provides compulational support for these
problems when dealing with large infrastructure networks, for which
weighing costs of individual investments versus acceptable system

performance throughout many scenarios becomes highly expensive. To
illustrate the proposed framework, this paper focuses on whether to
preemptively retrofit bridges or repair damage a poseerfort (which im-
plies actions of higher cost than retrofitting, but which occur with lower
probability). An optimization problem is formulated with the objective
of minimizing the cost of retrofit actions, and the expected cost of repair
actions (and other expected consequences), while constraining a set of
performance metrics within a pre-specified acceptable range.

Three complexity drivers make the proposed problem challenging:
first, the size of the network and the intricacy of its connections, which
makes performance assessments computationally expensive; second,
the many possible combinations of decision options that are being
evaluated, since their effect on performance must be assessed: and
third, the number of scenarios describing the hazard(s) of interest, all of
which require performance evaluations involving the previous two
items as well. Since our focus is on integrating optimization and com-
prehensive risk assessment, it will be critical to address the complexity
related to the number of scenarios. A stochastic programming

* Corresponding author at: Universidad de los Andes, Cra 1E 19A-40 Of. ML-758, Bogotd D.C., Colombia.

E-mail address: gomez chifuniandes.edu.co (C. Gomez).

hitps://doi.org/10.1016/). strusafe 2018.10.002
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Abstract: The advantages of the increasing usage of mobile devices that operate
under the multihoming scheme are changing the communications world drastically.
Therefore, next generation networks operators have the challenging task to distribute
connections of mobile devices efficiently over their access networks, creating a big
heterogeneous wireless network for telecommunications. We present a mixed integer-
linear programming (MILP) model to balance the load of multiple services over wire-
less networks taking into account three key indicators: connection loads of access
networks, connection costs, and battery consumption of connections. To solve the
multi-objective problem, we propose a multi-objective Tabu Search procedure that
is capable to find non-supported solutions in the online efficient set. To test the
performance of our multi-objective Tabu Search, we tested it over four instances of
the literature. In the first instance, a small instance, our procedure finds the true
efficient set of solutions. For the other three instances, large instances with over a
thousand mobile devices, our procedure finds good online efficient sets of solutions in
less than 30 seconds. Finally, using appropriate multi-objective metrics, we compare
the results of our multi-objective Tabu Search against the results of a state of the art
multi-objective genetic algorithm in the literature for the same problem, outperform-
mg the genetic algorithm in every instance tested.

Keywords: Heterogeneous networks, Multihoming, Vertical handover, Optimization,
Multi-objective, Tabu Search.

1 Introduction

Multihoming refers to the ability mobile devices have to connect to different access networks
at a time through multiple network interfaces |12|. On the other hand, vertical handover (VHO)
is the ability to change the access network that provides any service, while maintaining its qual-
ity |10]. Multihoming facilitates VHO, making it more seamless to the user [11|; and enhances

the flow of data of multiple services across various network interfaces |2|, allowing prioritized data
to flow through next generation networks (e.g., 4G), and less important data to fHow through

legacy networks. This behaviour converges towards heterogeneous wireless networks (HWNs).

Thanks to the exponential growth of mobile devices that operate under a multihomming
scheme, authorities operating access networks must rely on tools capable to perform VHO pro-
cesses, while ensuring users’ quality of service (QoS). Standards such as [EEE 802.21 MH provide

only the framework for performing VHO, yet the decision-making algorithms to do so are an open

Copyright ©2018 CC BY-NC
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Solving the Two-Dimensional Knapsack
Problem Considering Cutting-Time and
Emission of Particulate Matter 1n the
Metalworking Industry

P. Velasco-Carvajal, G. Camacho, D. Cuellar-Usaquen, and D. Alvarez-Martinez

Absmracs—Thiz article presents a metaheuriztic to solve the two-
dimenzional knapsack problem on applications of metalvorking
industries. The proposed algorithmm iz based om a GRASP
procedure and its performance iz aszessed through comparizon of
the solutions computed for the knapsack problem. We have used
two references for comparison: instances: reported in the literature
and experimental data obtained with rwo variation: on the cutting
wmethod. The first reference allow: us to conclude about the used
area and the computational time. The zecond reference let us to
explore the performance of the solution: with respect to the
cutting-tine and the amount of particle: emitted. The
methodology iz compozed by four steps: (1) selection of the
mztances, (2) design and implementation of the algorithm: for
optimization and post-optimization, (3) computing of the solutions:
and registering of cutting-tine: and particles emitted for each
solution and (4) performance validaton through comparizon of
solutions. The result: permit to conclude a good behavior of the
propozed algorithm reaching the performance reported in some
instance: and improving other:. Additionally, the algorithm
exhibit: a stable computational time even for large-scale inztance:,
It i1 emphasized that the post-optimization stage reduces the
cutting-timne: without incrementing the emistion of particulate
matter. A: future work we propoze: to include a vizion svstem to
cloze the cutting loop; to consider partial damages on the plate;
and to contemplate an exact approach for the sequencing cutting
problem.

Index Terms—GEASP, Industrial
Problem, Partculate Martter.

Robotics, Knap:sack

I INTRODUCCION

EI. problema de la mochila bidimensional consiste en el corte
ortogonal de un conjunto de piezas a partir de una pieza
confenedora o placa onginal, de tal forma que se seleccionen y
se corten las piezas que maximizan el beneficio, garantizando
las restricciones de cortar unicamente las piezas con sus
tamatios demandados y sin llegar a exceder los limites de la
placa.

P. Velasco-Carvajal Departamento de Ingenieria Industnal Universidad de
La Salle, Colombia, pvelascolSiaunisalle edu co

G. A Camacho, Facultad de Ingenieris, Universidad del Valle, Colombia,
paillermo camachou comeotmivalle edu co

D. Cuellar-Usaquen. Deparamento de Ingenienia Indusmal, Universidad de
Los Andes, Colombia, dh cuellarcuniandes educo

D. Alvarez-Mammez Departamento de Ingentena Indusmal Universidad de
Los Andes, Colombaa, d alvarerm g uniandes edu co.

Este problema descrito en [1] v [2], tiene como objetivo
maximizar el beneficio asociado a las piezas cortadas o
minimizar el desperdicio de material En este trabajo se
presenta la adaptacion del algontmo GEASP [3] para resolver
el problema de la mochila bidimensional y se explora el efecto
de las soluciones sobre la emusion de matenal particulado.

La adaptacion implementada consiste en un procedimiento
iterativo en dos fases: una fase de construccion, realizada por
un algontmo voraz en donde se obtiene una solucion factible a
partir de la adicion incremental de piezas, que son
seleccionadas pseudo-aleatonamente de una lista restricta de
mejores candidatos y una fase de mejora, realizada por un
algontmo de busqueda local, donde se busca mejorar la
solucion obtenida por la fase de construccion, a través de la
remocion de piezas y un rellenado determmistico. El algontmo
cuenta con un esquema de autoajuste de parametros, en especial
el tamario de la lista restricta de candidatos y el criterio de
seleccion de soluciones promisonas para enftrar a la etapa de
mejora. El desempefio del algontmo propuesto se evalia en
instancias clasicas reportadas en la literatura. Los resultados
obtenidos son comparados con las mejoras soluciones
publicadas teniendo en cuenta los cntenos de: calidad de la
solucion y tiempo computacional. El algontmo presenta un
comportamiento sobresaliente logrando mejorar algunas
soluciones reportadas.

Usualmente los trabajos en la Literatura solo velan por
alcanzar los patrones de corte optimos, en este trabajo estos
patrones son integrados con un sistema automatico de corte
basado en el uso de robots industnales, con el fin de analizar y
modelar restncciones del problema en aplicaciones de la
mdustnia metalmecanica. De forma tal que al reducr el
desperdicio de matenal se explore el desempeiio del sistema
respecto al tiempo de ejecucion de la tarea y la cantidad de
particulas emitidas que ponen en nesgo la segundad de los
operadores. Para esto. se propone una etapa de post-
optimizacion que logra mejorar los tiempos de ejecucion, sin

aumentar la cantidad de particulas emitidas y sin perder la
calidad de solucion en términos de desperdicio.

El desarrollo computacional involucrado en este provecto
consiste en un modulo de software que permite resolver el
problema de optimizaciéon, un modulo hardware que permute
automatizar las tareas de corte a través de mampuladores
mdustriales, sistemas de comumicacion gue mtegran las tareas
de optimizacion y automatizacion, y un sistema de informacion
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In this paper, we show an unintended effect ol the program Ser Pilo Paga (SPP) that was a flagship program of the Colombian
government between 2014 and 2018. It was designed as an intervention in the Colombian Higher Education System (CHES) by
awarding, in the steady state, individual funding to about 40,000 students. Every year, 10,000 new students were chosen from the
best applicants in the top decile of the population in the entrance exam to higher education in Colombia that also came from families
that live under the level of poverty according to a national survey. Our approach, based on an intensive study of the changes in the
statistical distributions of the exam scores during these four years, provides evidence of student performance improvements not
only of the beneficiaries of the program, but also of the whole student population. This shows that the program opened similar
opportunities for all the students, especially for the poorest ones. The program drove a reduction in the gap between students of the
upper strata of the population and those of the lowest strata that usually did not access a high quality institution of higher education

due to the lack of funding. This result has opened a debate about the optimal way of funding higher education.

1. Introduction

In October 2014, the President of Colombia announced the
program Ser Pilo Paga (SPP for the Spanish acronym) (the
name of the program uses the Colombian adjective “pilo”
that denotes a particular characteristic of a person, which
will be explained later in the introduction). SPP is one of
the programs designed and implemented by the Minister of
Education (Gina Parody, coauthor of this paper) to contribute
to the objective of turning the country into the most educated
country in Latin America by 2025. SPP focuses on a specific

group of academically high achievers that had no access to a
higher education due to their low income [1-3].

In this manuscript, we report an unintended effect in
the Colombian education system that was produced by this
program. As we will analyze below, the SPP program has
had some direct and some indirect effects in the Colombian
Higher Education System (CHES), such as a clear improve-
ment in the results of the entrance examination to the CHES,
not only of the SPP students, but also of the whole student
population.

SPP is the result of a previous research, conducted by the
authors of this article, that concluded with the design and
implementation of the program. The design of the program
articulates efforts from the following four institutions of
the Colombian system: (i) the Colombian agency (ICETEX)
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Abstract

Purpose — This study aims to present a systemic methodological proposal for the reduction of water
consumption in rural areas, based on participatory tools,
Design/methodology/approach = A theoretical framework was constructed based on the importance of
stakeholders” particpation in the adequate use of the hydro resources, technologies 10 sive water and
modeling the adoption of possible water-saving technologies. After that, it was proposed a2 methodology for
the reduction of water consumplion in rural areas. This methodology was tested in a participatory study case,
including the system dynamics model

Findings = This study proposes a participatory systemic methodology = PAWAME = particpationswater
wasteadoption=modekempowerment, which consists of four steps: dentify stakeholders and the activities
related with the waste of water in the study site and estabhsh their values, measure the adoption that the
technology would have based on the awareness generated, relate in a model the vanables of the water=
consuming activities and the variables of the technology and its adoption to analyze poesthle future behaviors
and empowerment of the technology to reduce water consumption.

Practical implications = In Colombia, part of the population has the wrong perception about the
abundance of the hydro resource, and for thiz reason, people do not use water in a coevect way. The inclusion

of a partiapatory systemic methodology was fundamental to apprehend the dynamic aspects of users’
behaviors, as well as of the management of the water resource. The model addresses the complexity of the

situahion, allowing exploring future scenance of envirenmental protechon
Originality/value — Thus study advances the knowledge in participatory systemic methodology to design
and adopt a local technology to save water,

Keywords Stakeholders, Partiapation, Water consumption
Paper type Research paper
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Abstract

This article presents a community leaming model formulated by Engineers Without
Borders Colombia with the aim of providing communities with tools to create
sustainable productive solutions which have relevancy for members and for potential
customers. The goal of this formulation is to promote learning processes that are
guided by decisions made by community members to propose sustainable and reph-
cable initiatives. The model applicability 1s evidenced through a case study devoted to
strengthening community-led green businesses in the Guavio Province, Colombia by
collecting lessons and conclusions. Ultimately, this collection will prove useful in
replicating the leaming model in other similar rural communities.

Keywords Green businesses - Orgamzational learmning - Green entrepreneurship - Guavio region
Colombia - Engineers without Borders Colombia
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Abstract

In recent years, most countries around the world have struggled with the consequences of budget cuts in health expenditure,
obliging them to utilize their resources efficiently. In this context, performance evaluation facilitates the decision-making
process in improving the efficiency of the healthcare system. However, the performance evaluation of many sectors,
including the healthcare systems, is, on the one hand, a challenging issue and on the other hand a useful tool for
decision- making with the aim of optimizing the use of resources. This study proposes a new methodology comprising
two well-known analytical approaches: (1) data envelopment analysis (DEA) to measure the efficiencies and (i1) data
science to complement the DEA model in providing insightful recommendations for strategic decision making on produc-
tivity enhancement. The suggested method is a first attempt to combine two DEA extensions: flexible measure and cross-
efficiency. We develop a pair of benevolent and aggressive scenarios aiming at evaluating cross-efficiency in the presence
of flexible measures. Next, we perform data mining cluster analysis to create groups of homogeneous countries. Organizing
the data in similar groups facilitates identifying a set of benchmarks that perform similarly in terms of operating conditions.
Comparing the benchmark set with poorly performing countries we can obtain attainable goals for performance enhance-
ment which will assist policymakers to strategically act upon it. A case study of healthcare systems in 120 countries is taken
as an example to illustrate the potential application of our new method.

Keywords Data envelopment analysis - Cross-efficiency - Flexible measure - Healthcare - Data science - Clustering

1 Introduction performance of their healthcare systems, educational systems,

research and development (R&D) systems, or, succinctly,

Healthcare overheads own predominant roles in assessing the
performance of countries because it is directly correlated to
the level of economic growth. An upward trend in the neces-
sity of public services urges countries to enhance the
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Published online: 01 March 2019

their economy level. Thus, healthcare expenditures (health
system costs) have been recognized as an increasing burden
for economic development level in most nations and hence a
principal factor on the determination of country development
balance (Hadad et al. [29]).

Nevertheless, the spending resources on public sectors are
rigorously restricted. Spending more capital on healthcare sys-
tems signifies that fewer capitals would be spent on other
public activities, such as educational institutions, transporta-
tion, and social security among others. Optimal use of limited
resources 1s a challenging issue, which is especially more
pronounced in low- and middle-income countries. This is spe-
cifically truer in under-developed countries, but it is also true
in developed countries; for instance, Shinjo and Aramaki [55]
argued that the need to provide adequate healthcare services
in Japan has become one of the biggest challenges.
Additionally, the lack of resources is recognized as the first
problem among the most important health-funding problems
of the countries in The World Bank [61]. In this context, it is

@ Springer
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Abstract. Cirsium arvense 1s an invasive plant normally found in cold climates
that affects cereal crops. Therefore, its detection is important o improve crop
producuon. A previous study based on the analysis of aenmal photographs
focused on its detection using deep leaming techniques and established methods
based on image processing. This study introduces an image processing tech-
nique that generates even better results than those found with machine leaming
algorithms: this is reflected in aspects such as the accuracy and speed of the
detection of the weeds in the cereal crops. The proposed method is based on the
detection of the extreme green color characteristic of this plant with respect to
the crops. To evaluate the technique, it was compared to six popular machine
learning methods using images taken from two different heights: 10 and 50 m.
The accuracy obtained with the machine leaming techniques was 97.07% at best
with executon tumes of more than 2 min with 200 x 200-pixel subimages,
while the accuracy of the proposed image processing method was 98.23% and

its execution time was less than 3 s.

Keywords: Automated weed classification - Machine learning -
Deep learning - Image processing - Cereal crops

1 Introduction

The presence of Cirsium arvense, also known as Canadian thistle, and other types of
weeds in organic cereal crops is a major concern in Nordic countries such as Norway
and Denmark [2], primarily because they result in significant losses in crop efficiency,
causing an average of 29.2% production losses worldwide if weed control is not
applied [3]. Therefore, there is a need to i1dentify areas with weeds so that farmers can
take the appropnate actions. These weeds are usually controlled via the application of
glyphosate before or after harvest [4], which can sometimes lead to the indiscriminate
use of these chemicals, increasing production costs, soil depletion, and environmental
contamination [5, 6].

© Springer Nature Switzerland AG 2019
R. Vera-Rodnguez et al. (Eds.): CIARP 2018, LNCS 11401, pp. 117-123, 2019.
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Abstract. This paper examines the ambiguity of subjective judgments,
which are represented by a system of pairwise preferences over a given
set of alternatives. Such preferences are valued with respect to a set of
reasons, in favor and against the alternatives, establishing a complete
judgment, or viewpoint, on how to solve the decision problem. Hence,
viewpoints entail particular decisions coming from the system of prefer-
ences, where the preference-based reasoning of a given viewpoint holds
according to its soundness or coherence. Here we explore such a coherence
under the frame of ambiguity measures, aiming at learning viewpoints
with highest preference-score and minimum ambiguity. We extend exist-
ing measures of ambiguity into a multi-dimensional fuzzy setting, and
suggest some future lines of research towards measuring the coherence
or (ir)rationality of viewpoints, exploring the use of information measures
in the context of preference learning.

Keywords: Ambiguity - Fuzziness - Rationality -
Preference structures

1 Introduction

Any subjective decision process requires considering the formation of opinions,
like preferences over a given set of possible choices. Examples of such a process
can be political elections, an investment project competition, or much simpler

Supported by the Carolina Foundation (short postdoctoral research scholarship),
the Government of Spain (grant TIN2015-66471-P), the Government of Madrid
(grant S2013/ICE-2845, CASICAM-CM), and Complutense University research group
(910149).

(©) Springer Nature Switzerland AG 2019
H. Seki et al. (Eds.): IUKM 2019, LNAI 11471, pp. 38-49, 2019.
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Abstract

Purpose — What has been called “the McDonaldization of universities” {amth&r name for mpduwn and
strong corporate managerialism) has gained momentumn as a model for governing and managing universities.
This trend exacerbates the traditonal tension between academic freedom and managerial control — a mayor
challenge for the administration of academic institutions. The ideas of Chardes Darwin represent an
opportunity for overcoming such a challenge. However, traditional managerial models show nadequate, pre-
Darwinian assumptions for devising organmzational designs. This paper amms to show not only the
opportunities but also the challenges of embracing a Darwinian paradigm for designing social systems, The
case of managerialism in universities is an illustrative example. The paper proposes evolutionary guidelines
for designing universities capable of mantaining managerial control while warmnting academic freedom.
Design/methodology/approach — The paper proposes tounderstand the tension between academic freedom
and managenial control i universites asthe same tension between freedom and control that Karl Popper identified as
successfully handled by evolutionary processes. The paper uses Darwinian theory, understoad a5 a broader theory
for comiplex systems, as a heunistic for desigring social systems — universities in this case —able to adapt to changing
environmental conditions while handling equalibrium between freedom and control. The methodology articulates the
Popperian model of knowlkdge with the Darwinian scheme propased by David Ellerman known as “paralld
experimentation” for suggesting organ izational forms m whichunversity administrators and faculty can interact for
generating free mnovations in psedo-controlled organiza ional amngements,

Findings — A salient characteristic of strong managerialism is its pre-Darwinian understanding of survival
and adaptatiory such an approach shows important flaws that can lead universites to unfit designs that
changing environments can select for elimination As an altermative, the philosophy behind the ideas of
Charles Darwin provides guidelines for designing inmovative and adaptive social systems. Evdutionary
principles challenge basic tenets of strong managerialism as Darwmnian designs discard the possibility of
seeing managers as knowledgeable designers that allegedly can avoid mistakes by allocatmg resources to
“one-best” solutions through ex anfe exhaustive, top-down control. Instead, a Darwinian model requires
considering survival as a matter of adaptability through contimuous experimentation of blind trials controlled
by ex post selection. The key 1s to organize universities as experimenting systems that try new and different
things all the ttme and that learn and improve by making mistakes, as an adaptive system.

Research limitations/implications — Govermning and managing universities requare to acknowledge
the uniqueness of academic msttutions and demand to look for appropriate forms of organization. The
proposal of this paper opens possibilities for exploring and implementing action-research immtiatives and
practical solutions for universities. Studies in management and adminmistration of higher-education
mstitutions must take mto account the characteristics of this type of organizations and should consider wader
spectrums of possibilities beyond the core ideas of managenalism.

Practical implications — University managers face a special challenge for achieving equilibrium between
managena control and academic freedam. Darwimian models of management invite to reconsider several
management (reeds, for mstance, that “errors are bad things” - instead of mnovation tngzers and leaming
opportunities or that “one solution must fit all” - instead of considering bottom-up, different and adaptive
solutions triggered by local academic units, each facing different environments,

Originality/value - Currently, there is no dear picture for governing universities. This paper introduces
principles and guidelmes for facng the cumrent challenge that strong managerialism represents if universities
are expected to mamtan academic freedom and also survive in volatile environments,

Keywords University, Control, Adaptation, Evolution, Popper, Academic freedom,
Social systems design, Evolutionary design Sl il y
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Abstract: Reliable and safe access to drinking water is necessary to ensure the economic and
social sustainable development of human communities. This task requires a multi-criteria decision
analysis (MCDA) methodology to select alternatives for new water supply infrastructure. These
alternatives represent significant financial resources and are established for a long lifespan. To support
decisiun—rnaking in the context of building new water supply infrastructure, this study developed an
MCDA methodology that integrates a hierarchy of non-economic benefits and the expected costs into
a global index. Our methodology was implemented in the city of Santa Marta, Colombia. This city
currently has a 60% drinking water shortage, and urgently needs to expand its capacity to satisfy the
increasing water demand. The results of this study support the implementation of the best alternative

for addressing Santa Marta’s water supply problem by considering the preferences of stakeholders.

Keywords: multi<criteria decision analysis; analytical hierarchy process; water supply infrastructure

1. Introduction

Providing access to drinking water is a global challenge; it guarantees the quality of life and
economic development [1]. The United Nations [2] stated that “the right to safe drinking water and
sanitation is a human right essential to the full enjoyment of life and all human rights,” and, therefore,
states and international organizations must provide the necessary financial resources to guarantee
them. Conversely, UNICEF and the World Health Organization (WHO) [3] estimate that 1.8 billion
people have access to water that is unfit for human consumption, 663 million people do not have access
to safe drinking water sources, and 2.4 billion people lack access to basic sanitation. As a result, major
challenges exist to guaranteeing this right to a significant portion of the global population, particularly
in developing nations [4].

Currently, more than 2 billion people in the world have significant restrictions on the access to
potable water supply [5]. First, the availability of water over time is derived from the relationship
between supply and demand; increases in demand relative to supply put pressure on the resource
availabilily. Therefore, a relevant apprnach to ||::|E|.l.'f:mtil'j,ringr the pressure on water sources is the
ratio between the water withdrawn for different purposes (agriculture, industry, and domestic) and
the total renewable water resources. A higher proportion of use indicates that the pressure on the
resource increases, and it is substantially more difficult to satisfy an increasing demand for water [6].

Water 2019, 11, 805; doi: 10.3390/w 11040805 www mdpi.com/jourmnaliwater
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Study of the spatiotemporal correlation between
sediment-related blockage events in the sewer system
in Bogota (Colombia)

Eliana Soriano Pulido, Carlos Valencia Arboleda and
Juan Pablo Rodriguez Sanchez

ABSTRACT

The planning and scheduling of maintenance operations of large conventional sewer systems generate
a complex dedsion-making emvironment due to the difficulty in the collection and analysis of the
spatiotemporal information about the operational and structural condition of their components (e.g.
pipes, gully pots and manholes). As such, water utiliies generally carry out these operations following
a corrective approach. This paper studies the impact of the spatiotemporal correlation between these
failure events using Log-Gaussian Cox Process (LGCP) models. In addition, the association of failure
events to physical and emvironmental covariates was assessed. The proposed methods were applied
to analyze sedment-related blockages in the sewer system of an operative zone in Bogota (Colombia).
The results of this research allowed the identification of significant covariates that were further used o
model spatictemporal clusters with high sediment-related fallure risk in sewer systems. The LGCP
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model proved to be more accurate in comparison to those models that builld upon a fundamental
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assumption that a failure is equally likely to occur at any time regardless of the state of the system and
the system’s history of failures (Le. a homogeneous Poisson process model).
Key words | intensity of failures, Log-Gaussian Cox Process, sediment-related blockages, sewer

systems, spatiotemporal correlation

INTRODUCTION

Urban drainage systems provide fundamental services to the
health and well-being of populations, as well as to the pro-
tection of the environment (Santos ef al. 2017). However, it
is well known that wastewater and urban runoff transport
a variety of solid particles that can create obstructions in
the sewer system, thus deteriorating its operation. Sedi-
ment-related blockages may result in the release of raw
sewage into the environment due to a reduced hydraulic
capacity that increases the probability of local surcharge
and/or combined sewer overflow events (Xie ef al 2o0r7).
The malfunctioning of the sewer system and subsequent
flooding constitute a risk to human health as a result of

This & an Open Access article distributed under the terms of the Creative
Commons Altnbution Licence (CC BY-NC-ND 4.0), which permits copymng
and redstnbution for non<ommercial purposes with no derivatives,
provided the ongnal work & properly cited (http /creativecommons.org/
licenses/by-ne-nd/4.0/4).

dai: 102166/ st 2019172

exposure to potential water-borne pathogens (ten Veldhuis
et al. 2010; Collender et al 2016). Furthermore, the release
of untreated wastewater (eg. via sewer overflows) into
water bodies such as rivers and lakes negatively alters the
water quality and health of fluval and lacustrine ecosys-
tems, affecting fish and other types of aquatic lfe
(Munawar ef al. 1993; Rodriguez-Jeangros ef al. 2018). In gen-
eral, the consequences of these contaminated water flow
releases range from mild disruption for a small number of
residents to events that may seriously damage the environ-
ment (Xie ef al. 2a17).

Urban drainage services account for a significant por-
tion of the built infrastructures, which require large
investments for their construction, protection, and mainten-
ance (Santos & al. 2017). In different studies, it has been
stated that blockage events account for a significant pro-
portion of reported failures in sewer systems (Jin &
Mukherjee zoro; Xie ef al. 2017). These blockages are
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Abstract

Evacuation mock drills are critical to emergency preparedness and to stress test the
infrastructure capacity. Even though drills are expensive in terms of the involved
resources, recognizing critical points of the infrastructure can guide decisions to
improve the dynamics during a real evacuation, resulting in saving lives. In this paper,
we present a modeling and visualization framework that provides useful insight and
information of the evacuation dynamics to the decision makers of complex facilities.
Using an optimization-based simulation approach, the framework recreates real evac-
uation scenarios, provides useful statistics of the evacuation dynamics, and allows for
what-if analyses. To do so, our framework solves multiple linear optimization models
with an underlying network structure that models the topography and resources of the
given facility. A dual analysis of the optimization model allows us to identify critical
points during an evacuation. In addition, the framework integrates with geographical
information systems to produce rich visualizations of the evacuation dynamics. To
illustrate the application of this framework, we evaluate two real evacuation scenarios
on a university campus, located in Bogot4 (Colombia), and provide insight to improve
the decisions taken by the campus administration.

Keywords Evacuation dynamics - Optimization - Networks flows - Simulation

1 Introduction

With nearly eight million inhabitants, Bogot4 is the Colombia’s largest city and the
fourth largest city in the Americas (CityMayors 2017); it is located at 2600 m above
the sea level and is surrounded by the Andes mountain range. On February 2, 2016,
the historic city center was forced to evacuate due to the smoke of a wildfire on the
surrounding mountains. A yellow alert provoked a massive evacuation of several gov-
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Integrating Operational and Organizational Aspects in
Interdependent Infrastructure Network Recovery

Camilo Gomez ®_..’-" Andrés D. Gonzalez,” Hiba Baroud @,3
and Claudia D. Bedoya-Motta’

Managing risk in infrastructure systems implies dealing with interdependent physical net-
works and their relationships with the natural and societal contexts. Computational tools
are often used to support operational decisions aimed at improving resilience, whereas
economics-related tools tend to be used to address broader societal and policy issues in in-
frastructure management. We propose an optimization-based framework for infrastructure
resilience analysis thal incorporates organizational and socioeconomic aspects into opera-
tional problems, allowing to understand relationships between decisions at the policy level
(e.g., regulation) and the technical level (e.g., optimal infrastructure restoration). We focus
on three issues that arise when integrating such levels. First, optimal restoration strategies
driven by financial and operational factors evolve differently compared to those driven by so-
cioeconomic and humanitanan factors. Second. regulatory aspects have a significant impact
on recovery dynamics (e.g., effective recovery i1s most challenging in societies with weak insti-
tutions and regulation, where individual interests may compromise societal well-being). And
third. the decision space (i.e.. available actions) in postdisaster phases is strongly determined
by predisaster decisions (e.g., resource allocation). The proposed optimization framework
addresses these issues by using: (1) parametnic analyses to test the influence of operational
and socioeconomic factors on optimization outcomes, (2) regulatory constraints to model and
assess the cost and benefit (for a variety of actors) of enforcing specific policy-related condi-
tions for the recovery process, and (3) sensitivity analyses to capture the effect of predisaster
decisions on recovery. We illustrate our methodology with an example regarding the recov-
ery of interdependent water, power, and gas networks in Shelby County, TN (USA), with
exposure (o natural hazards.

KEY WORDS: Infrastructure resilience; optimization; sociolechnical systems

I. INTRODUCTION

Infrastructure systems are becoming increas-
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made hazards. Disruptive events can produce cas-
cading failures throughout multiple infrastructure
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these systems. Logistically and financially efficient re-
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igate the impacts of disruptions while maximizing
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